BACKGROUND: It is unclear how the implementation of elective single embryo transfer in clinical practice would affect clinical pregnancy and delivery rates and multiple birth rates. METHODS: This retrospective study analysed 1871 IVF/ICSI cycles carried out from 1997 to 2001 in the IVF programme of a single university infertility clinic. RESULTS: The number of elective single embryo transfers increased from 11 to 56%. At the same time the clinical pregnancy rate was relatively stable; mean 34.0% (range 28±42). The number of embryos per embryo transfer decreased from 1.8 to 1.3. The multiple pregnancy and delivery rates dropped markedly from 25 to 7.5% and from 25 to 5% respectively. CONCLUSIONS: An elective single embryo transfer programme can be adopted in daily practice that decreases the twinning rate to <10% and does not affect the overall pregnancy rate.
Introduction
One of the main challenges in assisted reproductive treatment programmes is to avoid twin pregnancies without there being a signi®cant decrease in the overall pregnancy rate (PR). In many countries >2% of newborns are born after assisted reproductive treatment (ESHRE, 2002) . Traditionally, assisted reproductive treatment has been associated with a 20-fold rate of multiple pregnancies compared with spontaneous twin pregnancies (Ozturk et., 2001) . In Europe, the overall rate of multiple pregnancies in 1999 was 26.3% (twins 24%, triplets 2.2%, quadruplets 0.1%) (ESHRE, 2002) . This means that as many as half of the children born after assisted reproduction may have originated from multiple pregnancies. Data for the USA reveal even higher numbers (Toner et al., 2002) .
Neonatal outcome after IVF is worse than that in the general population of similar maternal age, parity and social standing, but this is mainly due to the large proportion of multiple births after IVF (Koivurova et al., 2002) . However, an excess risk of low birthweight among singletons conceived with assisted reproductive treatment has been reported in two large population-based studies (Bergh et al., 1999; Schieve et al., 2002) . After elaborate matching for many maternal characteristics, a distinct difference between IVF and control pregnancies was still noted (Koudstaal et al., 2000) . In this particular study, gestational age at delivery was 3 days shorter in the IVF group (275 versus 278 days) and the proportion of small-forgestational age children was higher (16.2 versus 7.9%). The perinatal outcome of IVF singletons was signi®cantly worse than that of spontaneously conceived pregnancies mainly because of the increased rate of preterm birth, but the outcome for twins was comparable (Dhont et al., 1999) . In our hands, when comparing singleton IVF pregnancies with carefully chosen controls, the overall outcome is good (Isaksson et al., 2002) .
The only method to limit the number of twins is to transfer only one embryo. Many investigators have tried to identify subsets of subjects at a high risk of multiple birth, and hence those suitable for single embryo transfer (Hunault et al., 2002) . We started our elective single embryo transfer (eSET) programme in 1997 (Vilska et al., 1999) . The main indications at the beginning were various medical reasons for the avoidance of twins. Since 1997, the proportion of eSET has gradually increased, partly because of couples' own wishes to avoid twins. In 2000 we changed our policy to single embryo transfer, and two-embryo transfer is carried out only for speci®c reasons. The aim of this report is to show how this policy has affected both the overall and multiple PR in our IVF programme and to further urge IVF centres to move on to eSET.
Materials and methods
During the years 1997 to 2001 we performed a total of 1871 IVF/ICSI cycles at the Infertility Clinic of Helsinki University Central Hospital, Finland. Our IVF/ICSI programme includes a long protocol for ovarian stimulation (except for seven women treated with a GnRH antagonist) and standard IVF/ICSI culture methods, as previously described . During this time period we performed 1699 embryo transfers: eSET in 470 cases (27.7%), two-embryo transfers in 1024 cases (60.3%) cycles, and in 205 (12.1%) cases only one embryo was available. The treatment cycle did not result in fresh embryo transfer in 172 (9.2%) cases. The percentage of ICSI was 35.5% in all cycles and 36.6% in cycles with embryo transfer.
The mean T SD age of the women undergoing embryo transfer was 33.4 T 4.1 years (range 20.5±41.9) and the mean T SD body mass index (BMI) was 23.5 T 3.8 kg/m 2 (range 16.3±41.4, for the last 955 cycles). Infertility was primary in 1000 cycles (58.8%). The clinical characteristics of the different embryo transfer groups are given in Table I , with the number of oocytes retrieved and the number of embryos cryopreserved. The indications for IVF included tubal factor in 22%, endometriosis (moderate to severe) in 20%, other female factors in 6%, male factor in 19%, combined in 6% and unexplained infertility (including mild endometriosis) in 27% of the transfer cycles.
The embryos were graded according to the number of blastomeres, the degree of fragmentation, regularity of blastomeres and presence of multinucleated blastomeres . Embryo selection was based on morphological criteria on the transfer day, which was most often day 2 after oocyte retrieval. Assisted hatching was not applied. Embryos were suitable for transfer or cryopreservation if they had <50% fragmentation and no multinuclear blastomeres. Elective transfer of one embryo was performed only if on day 2 at least one embryo was available with four or more cells, <20% fragmentation and no multinuclear blastomeres. In 13 cycles eSET was performed for medical reasons with embryos with less than four cells or >20% fragmentation. All the spare embryos were frozen (Testart et al., 1986; Tiitinen et al., 2001) .
At the beginning, the main indication for eSET was a medical reason such as diabetes or other chronic disease of the woman, previous hysterotomy, uterine malformation, risk of severe ovarian hyperstimulation or indication for prenatal diagnosis (Vilska et al., 1999) . Later, the number of indications was gradually increased, to include previous IVF delivery, selection in a randomized study (Martikainen et al., 2001 ) and the couple's wish to avoid twins. In 2000 we were ready to change our policy to eSET as the ®rst option, while two-embryo transfer was considered in the following conditions: two unsuccessful IVF cycles or poor embryo quality, but no medical contraindications for twin pregnancy.
We have now retrospectively analysed the clinical implantation rate, the clinical PR, the delivery rate per embryo transfer and the multiple birth rate in our IVF/ICSI programme.
Results
The overall clinical PR per embryo transfer during this time period was 34.0% (577/1699), the multiple PR 20% (116/577), the delivery rate 25.5% (434/1699) and the multiple birth rate 18.4% (80/434).
Transfer of the only existing embryo resulted in clinical pregnancy and delivery rates of 19.0% (39/205) (Table II) and 15.1% (31/205) respectively. One of these deliveries was a monozygotic twin pregnancy (3.2%, 1/31). The number of cycles where only one embryo was available remained stable over the years ( Figure 1 ).
The number of eSET increased gradually over the years, representing 56% of the cycles in 2001 (Table II, Figure 1 ). The clinical PR in eSET was 34.5% (162/470) and the delivery rate 27.2% (128/470) during these 5 years. Monozygotic twins were born on two occasions (1.6%, 2/128). When two embryos were transferred, the overall clinical PR was 36.7% (376/1024) (Table II, Figure 1 ) and the delivery rate 26.9% (275/1024). The multiple birth rate was 27.6% (76/275) after two-embryo transfer, including 75 pairs of twins and one set of triplets.
Out of the 421 cycles in women aged >37 years (upper range 42.2 years), 373 resulted in embryo transfer: eSET was carried out in 56 selected good prognosis cycles (12.9%), only one embryo was available in 48 cases and two embryos were transferred in 269 cycles (72%). In women aged <37 years, the clinical PR with eSET was 34.8% (144/414) and it was 32.1% (18/56) in those aged b37 years. If only one embryo was available for transfer, the respective clinical PR were 21.0% (33/157) but only 12.5% (6/48) in the older group. With twoembryo transfer the PR were 39.9% (301/755) and 27.9% (75/ 269) respectively.
The mean number of embryos per transfer and the mean delivery and multiple delivery rates during the study period are given in Figure 2 .
Discussion
Our results show that single embryo transfer clearly reduces the risk of twin pregnancy and still results in very acceptable pregnancy and delivery rates. Two-embryo transfer became the policy in our clinic in 1993, and in 1994 the ®rst elective oneembryo transfer was performed. After 1996 we have not performed three-embryo transfers, and in 1997 our eSET programme was introduced. After 2000 the primary choice has been single embryo transfer, and two embryos are transferred only with speci®c indications. The strategy of eSET was gradually implemented in our daily practice from 1997, resulting in a 5-fold increase in the percentage of eSET by 2001. Today eSET is performed in over half of the cycles (56%) when at least two embryos are available.
The introduction of assisted reproductive treatment in the late 1980s increased the incidence of multiple pregnancies in many countries. In a large population-based cohort in the USA, the proportion of multiple births attributable to ovulation induction or assisted reproductive treatment was 33% (Lynch et al., 2001) . In triplets and higher-order multiple pregnancies this rate must be even higher. In our country the precise impact of all infertility treatments on the rate of multiple pregnancies is not known, since there are no national statistics on the number and results of various ovulation induction protocols. In contrast, the IVF statistics have been collected from the early beginning of assisted reproductive treatment and the nationwide annual IVF statistics in Finland have been reported since 1992 (Gissler and Tiitinen, 2001 ). The number of IVF/ICSI cycles in our country has stabilized at~4500 cycles per year. Due to the relatively high availability of treatment, nearly 2.5% of all children born in Finland are nowadays born with the help of assisted reproductive technology. The number of transferred embryos decreased during the 1990s, but the proportion of multiple pregnancies has remained close to 25% (Gissler and Tiitinen, 2001 ). According to the Finnish Birth Registry, the rate of triplets in Finland was 1:6200 in 2000, which is close to the natural triplet rate. The twin rate has stayed between 1.63% (in 2000) and 1.77% (in 1998).
It has been shown that triplets can nearly be avoided by replacing two embryos without signi®cantly decreasing the overall PR (Staessen et al., 1993; Templeton and Morris, 1998) . However, this policy does not prevent twin pregnancies. The elevated rate of pregnancy complications and neonatal morbidity among IVF children is mainly due to the increased proportion of multiple pregnancies and partly due to maternal characteristics regarding infertility (Koivurova et al., 2002) . This is true also in twin pregnancies. The ultimate goal of IVF is the birth of a single healthy child, and the way ahead must lie with single embryo transfer (Ozturk et al., 2001) . The fear of reducing existing PR is probably the main reason behind the slow adoption of eSET.
Today a major change towards a single embryo transfer policy is taking place, at least in parts of Europe. Indeed, the rate of eSET has been reported to be between 20 and 31% in selected assisted reproduction treatment programmes De Sutter et al., 2003) . The following recommendations were formulated during the ESHRE Campus Course. A twin PR of b25% is not acceptable and the aim should be to reduce the incidence to perhaps around 10%. At the same time, an ongoing PR of b30% per started treatment cycle is very acceptable (ESHRE Campus Course Report, 2001 ). Our opinion is that the most appropriate way forward is by means of an effective eSET programme and a good cryopreservation programme to allow satisfactory cumulative PR. We have now shown that this strategy can be introduced into IVF programmes. Indeed, the multiple PR in our IVF programme in 2001 was only 7.5% and the multiple delivery rate very low, 5%. At the same time the overall ongoing PR had fallen slightly, but was still >30%, which is even more than the natural conception rate. Further, our preliminary results for the ®rst 9 months of 2002 show that the clinical PR has risen to 34% with a multiple PR of 6.4%, and the proportion of eSET was 54%. It is to be remembered that we treat only a few women aged >40 years (3.2%), as the age limit for our 1 year waiting list for IVF/ ICSI treatment is 38 years, and the maximum number of fresh treatment cycles offered is usually three.
The policy of limiting the number of embryos transferred is not possible without a good cryopreservation programme. In our randomized study, we estimated that maximally 5±10% more pregnancies would be achieved after two-embryo transfer instead of eSET, taking into account the cumulative PR after the use of available cryopreserved embryos (Martikainen et al., 2001) . When eSET is combined with freezing of extra embryos for later use, the cumulative delivery rate per oocyte retrieval can be as high as 53% . This strategy results in many advantages for both the couple and the physician (Schnorr et al., 2001) . Today, most of our subjects are ready to accept our eSET programme when they are properly counselled on the risk of twin pregnancy. Indeed, during the randomization study many couples did not want to take part because they wished for one-embryo transfer (Martikainen et al., 2001) . Nowadays one-embryo transfer is progressively being introduced in all Finnish IVF clinics (Martikainen et al., 2001 ). According to a recent healtheconomic estimation, there is no difference in the cost per child born between single and double embryo transfer (De Sutter et al., 2002) .
Laboratory expertise is highly important in an eSET programme, especially in terms of embryo culture, embryo selection, and freezing and thawing techniques. The question of how to select an embryo with a very high implantation potential is yet to be studied. At least the cleavage stage, degree of fragmentation and absence of multinuclear blastomeres is important (Van Royen et al., 2001) . Early cleavage, i.e. complete ®rst division within 25±27 h post-insemination, also seems to be a strong indicator (Salumets et al., 2003) . Variation in zona pellucida thickness, location of fragments and equality of blastomere size may be of importance (Palmstierna et al., 1998) . Whether strategy which is based on oocyte or zygote morphology is helpful remains to be studied further (Salumets et al., 2001) . Some groups have found the use of pronuclear stage scoring helpful in their programmes (Ludwig et al., 2000) . Several embryo scoring systems have been developed, being proposed to predict pregnancy (Terriou et al., 2001) . However, most of the reports are based on cycles where more than one embryo has been transferred. Hence, it is dif®cult to draw de®nite conclusions, because one cannot ascertain which of the embryos actually implanted. Some of the earlier reports were based on single embryo transfers, where only one embryo was available, which is also not the ideal situation for proper embryo classi®cation (Giorgetti et al., 1995) . In our opinion, appropriate embryo scoring can only be performed with eSET.
Even though embryo quality is the most important single factor predicting pregnancy and birth, other factors should be remembered when individualizing the transfer strategy. Endometrial receptivity is of importance, and some markers, such as endometrial thickness and texture as documented by means of transvaginal ultrasonography, as well as uterine vascularity, determined by colour Doppler ultrasonography, are available (Tan, 1999) . The age of the woman matters, as shown by the lower implantation and delivery rates in older women. However, with strict evaluation, eSET can be a good option for women aged >37 years, as shown by our results. The outcome of ovarian stimulation may be predictive: a good ovarian response to FSH stimulation, leading to several mature oocytes, could be a marker of good reproductive function as such (Hunault et al., 2002) . This leads to more numerous embryos and allows more choice for selection of one good embryo for transfer.
Correct counselling is very important, as infertile couples are known sometimes to desire multiple pregnancies (Gleicher et al., 1995) . It is likely that such couples are not really aware of the real risks associated with multiple pregnancies. When women were presented with scenarios of differing pregnancyassociated risk magnitudes between single and multiple pregnancies, their desire for twin pregnancy decreased (Grobman et al., 2001) . This means that good counselling should include realistic information, not only on the risks of twin gestation but also on later burdens with multiple birth. It is to be remembered that twin pregnancies cannot totally be abolished with eSET programmes. We had two pairs of twins out of 162 pregnancies in our group. A >2-fold increase in monozygotic twinning is indeed associated with assisted reproductive treatment (Schachter et al., 2001) . When counselling the couples, such information should be made clear. We have also had two sets of triplets with two-embryo transfers during the last 5 years. We now report a 1.2% incidence of monozygotic twinning, which is in accordance with the results of other studies (Schachter et al., 2001) .
The need to prevent twin pregnancies is widely accepted (ESHRE Campus Course Report, 2001) , although transfer of two embryos is standard policy in many IVF centres. However, increasing the number of embryos transferred does not increase the chance of a birth, but it increases the chance of a multiple birth (Engmann et al., 2001) . In another study, judicious application of eSET reduced the twinning rate (from 29.5 to 16.3%) while maintaining the overall PR at 33.5% . Another group has obtained similar results: the twinning rate dropped from 30 to 21% but the overall pregnancy rate remained the same, 35 and 34% per transfer, respectively (De Sutter et al., 2003) . Our eSET programme shows that even better results, a multiple PR <10%, can be achieved with acceptable pregnancy and delivery rates. The additional impact of a wellfunctioning cryopreservation programme on the overall cumulative PR per oocyte retrieval is very important to bear in mind. All this should arouse more interest in eSET in all countries.
